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Abstract 
Exposure to diesel exhaust, as well as the diesel particulate matter associated with the exhaust 
has shown to cause adverse health effect in humans.  The International Agency for Research on 
Cancer classified diesel exhaust as a group 1 human carcinogen, in June of 2012.  Due to these 
health effects, there has been an effort in the mining industry to reduce the amount of worker 
exposure to diesel exhaust.  Biodiesel has shown to be a promising control to reduce diesel 
particulate matter that is emitted during the combustion process.  The use of a biodiesel blend 
over straight petroleum diesel has shown to reduce particulate matter, hydrocarbons, and carbon 
monoxide emissions.    
 
This study is a sub-component of a larger collaborative project that was set to research diesel 
exhaust exposure, associated with the use of biodiesel, in an underground metal mine in the 
North West United States.  Samples were collected in an underground metal mine to evaluate 
and compare two DPM sampling strategies.  The objective this research was to evaluate the 
potential correlation of particle mass concentrations obtained with direct reading instrumentation 
vs. with biodiesel DPM concentrations reported through integrated sampling methods.  
 
Samples were taken on four separate four day campaigns during the months of March, June, 
August and October of 2014.  Area samples were taken from 6 different locations throughout the 
mine.  Integrated sampling was performed in accordance with the NIOSH 5040 Method, as well 
as sampling via direct reading monitors.  Statistical analysis of the results of these two methods 
was done using Minitab 17 Software.  The results suggest that a strong correlation (cc = 0.615, 
0.573) exists between integrated organic and total carbon (respectively) vs. DustTrak direct 
reading particle mass concentration when measuring biodiesel particulate matter.   
 
Keywords: Diesel Particulate Matter, Biodiesel, Carbon, Underground, DustTrak, Integrated, 
Correlation    
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1. Introduction  
The use of diesel engines in underground metal mines is a crucial contributor in powering 
both support and production equipment.  Through the combustion of diesel fuel, numerous 
contaminants are released in the exhaust.  Diesel particulate matter (DPM) consists of sulfates, 
elemental carbon (EC), and hydrocarbons, which can be referred to as organic carbon (OC) 
(Watts & Ramachandran, 2000).  The use of diesel engines in underground mines makes it 
difficult to control worker exposure to the submicron DPM that is emitted by the engines.  Due 
to the extensive use of diesel-powered equipment in the underground mining industry, mine 
workers have a potential to be exposed to the harmful effects.    
Evidence has shown that diesel exhaust (DE) increases the risk of lung cancer, The 
International Agency for Research on Cancer (IARC) has classified diesel exhaust as a group 1 
human carcinogen (WHO, 2012).  In order to minimize worker exposure to these harmful 
effects, an attempt at controlling DPM in underground mines has been emphasized.  
The U.S Mining Safety and Health Administration (MSHA) established a regulation for 
diesel particulate matter in coal and metal/nonmetal mines, including a permissible exposure 
limit of 160 micrograms total carbon (TC) per cubic meter of air (MSHA, 2008), in January of 
2001. MSHA uses the National Institute for Occupational Safety and Health (NIOSH) Analytical 
Method 5040 to determine TC and EC on samples (MSHA, 2008)   
MSHA has developed a total carbon air exposure limit as a surrogate or DPM exhaust 
components (MSHA, 2008).  Numerous control strategies have been implemented by the mining 
industry in an effort to control worker exposures to DPM.  These control strategies include 
purchasing equipment with factory emission controls, installing particulate filters on engines, 
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adding enclosed cabs on equipment, and performing fuel substitutions (Bugarski, 2007).  A 
common control strategy is the substitution of petroleum diesel with a biodiesel fuel blend. 
The objective of this research was to evaluate carbon levels associated with DPM from 
the combustion of a B70 biodiesel (70% biodiesel, 30% petroleum diesel) blend in an 
underground metal mine via direct reading particle mass concentration instrumentation and 
integrated sampling methods.  
1.1. Statement of Problem 
This study is a sub-component of a larger collaborative project that was set to research 
diesel exhaust exposure, associated with the use of biodiesel, in an underground metal mine in 
the North West United States.  The aim of the larger project is to determine the suitability of 
different monitoring devices, including airborne 1-nitropyrene, urinary metabolites of 1-
nitropyrene, multiple direct reading devices, and integrated sampling, for the measurement of 
biodiesel particulate matter.  These methods were compared to the current accepted measures of 
diesel exhaust exposure.  In order to collect these measurements a cohort of workers in the 
underground mine were monitored using personal sampling methods, and area sampling methods 
were also implemented.     
Samples were collected in an underground metal mine to evaluate and compare two DPM 
sampling strategies.  The specific aims of this research was to evaluate the potential correlation 
of particle mass concentrations obtained with direct reading instrumentation vs. with DPM 
concentrations reported through integrated sampling methods. Data was also compared to 
previous studies. 
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1.2. Research Hypotheses  
The following hypotheses were developed based on the evaluation and comparison of 
two samplings strategies; integrated sampling methods and direct reading particle mass 
concentrations sampling methods for biodiesel DPM:  
Ho1 – There will not be a correlation (cc < 0.5) (p< 0.05) between direct reading aerosol 
data measured with DustTrak vs. integrated organic carbon concentrations.  
Ha1 – There will be a correlation (cc ≥ 0.5) (p< 0.05) between direct reading aerosol data 
measured with DustTrak vs. integrated organic carbon concentrations. 
Ho2 – There will not be a correlation (cc < 0.5) (p< 0.05) between direct reading aerosol 
data measured with DustTrak vs. integrated elemental carbon concentrations. 
Ha2 – There will be a correlation (cc ≥ 0.5) (p< 0.05) between direct reading aerosol data 
measured with DustTrak vs. integrated elemental carbon concentrations. 
Ho3 – There will not be a correlation (cc < 0.5) (p< 0.05) between direct reading aerosol 
data measured with DustTrak vs. integrated total carbon concentrations. 
Ha3 – There will be a correlation (cc ≥ 0.5) (p< 0.05) between direct reading aerosol data 
measured with DustTrak vs. integrated total carbon concentrations. 
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2. Background and Literature Review  
2.1. Diesel Exhaust 
 Composition  
 Diesel exhaust is a complex mixture that contains many gases, vapors, and particles. 
Diesel engines emit other compounds in higher concentrations than gasoline engines, including 
metals, nitrogen oxides, sulfur oxides, formaldehyde, benzene, and smaller organic compounds 
(Krivoshto, Richards, Albertson, Derlet, 2008).  Diesel is mostly found in two phases, a gas 
phase and a particle phase. The gas phase is composed of many pollutants, such as formaldehyde 
and aromatic hydrocarbons (EPA, 2015). The particle phase also has different types of particles 
that are classified by their size or composition. The size of diesel particulates can range from fine 
to ultra-fine particles. The composition of these particles maybe composed of elemental carbon 
with adsorbed compounds such as organic compounds, sulfate, nitrate, metals and other trace 
elements as illustrated in Figure 1 (EPA, 2015).  
The diameter of diesel particles ranges from 5 nm to 1 µm.  Two size modes characterize 
PM distribution: the agglomeration-mode (50nm to 1 µm) and the nucleation-mode (< .01 µm).   
Particles in the agglomeration-mode contribute to most of the mass. The composition of 
agglomeration-mode particles are mostly carbon core and adsorbed organic compounds. The 
nucleation mode contains the majority of the particle number, but does not contribute 
significantly to the total particulate mass. Particles in the nucleation mode have been found to be 
highly composed of volatile or semi-volatile organic compounds, sulfur compounds, and trace 
elements (Schankenber & Bugarski, 2002).  
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Figure 1: Diesel Particulate Composition 
Adapted from TexasVox 
 
 Elemental and Organic Carbon  
Diesel particulate is mainly composed of four components, elemental carbon (EC), 
organic carbon (OC), sulfate and ash.  EC is known as ‘soot’ and it is mostly composed of 
‘carbon’. It is crystalline in structure and mostly forms central part of particulate, as illustrated in 
Figure 2.  Organic carbon mainly consists of hydrocarbons, which either remained unburned 
during combustion. The OC primarily originates from fuel or lubricating oil or form due to 
condensation of organic vapors left-over from incomplete combustion (Agarwal, Gupta, Shukla 
& Dhar, 2015). 
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Figure 2: Breakdown of DPM 
                                        Adapted from (MSHA 2001)  
 
 
 Health Effects 
Due to the continuous use of diesel engines in the mining industry and the uncertainties 
associated with the chronic health effects of exhaust emissions on worker health, there has been a 
recent focus on risk assessments of diesel engine exhaust (Schnakenberg & Bugarski, 2002).   
Exposure to DPM can cause both acute and chronic effects.  Acute effects of diesel 
exhaust exposure include irritation of the nose and eyes, lung function changes, respiratory 
changes, headache, fatigue and nausea. Chronic exposures are associated with cough, and lung 
function decrements (Sydbom, Blomberg, Parnia, Stenfors, Sandstrom, & Dahlén, 2001).   
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According to the IARC as of 1988, diesel has been classified as a possible carcinogen to 
humans.  After further studies and investigations, the IARC reported sufficient evidence that DE 
causes cancer in humans.  In March of 2012 the IARC classified it as a group 1 human 
carcinogen. (WHO, 2012) The IARC defines a class one carcinogen as:  
This category is used when there is sufficient evidence of carcinogenicity in humans. 
Exceptionally, an agent may be placed in this category when evidence of carcinogenicity 
in humans is less than sufficient but there is sufficient evidence of carcinogenicity in 
experimental animals and strong evidence in exposed humans that the agent acts through 
a relevant mechanism of carcinogenicity. (WHO, 2012)  
2.1.3.1. Toxicology  
 The ultra-fine particles with a diameter below 0.1 µm are small enough to be inhaled and 
deposited in the lungs, but have a large surface area.  Organic carbons from DE can adhere to 
easily to the surface of the carbon particles and are carried deep into the lungs.  DPM have been 
demonstrated to increase production of inflammatory cytokines in bronchial epithelial cells 
(Krivoshto, Richards, Albertson & Derlet, 2008) 
 Occupational Exposure Limit  
MSHA’s DPM rule, total carbon (the sum of elemental and organic carbon 
concentrations) is used as the surrogate for controlling the exposure to DPM.  Total carbon is 
used as a surrogate because the TC represents over 80% of the diesel particulate matter (Noll, 
Bugarski, Patts, Mischler & McWilliams, 2007).  According to MSHA standards, as of May 20, 
2008, a miner's personal exposure to diesel particulate matter (DPM) in an underground mine 
must not exceed an average eight-hour equivalent full shift airborne concentration of total 160 
micrograms of total carbon (TC) per cubic meter of air (160TC µg/m3) (MSHA, 2008). 
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 Controls  
Due to the increased awareness of the adverse health effects that are produced by the 
combustion of diesel in the mining industry, companies have deployed various control 
technologies to comply with the exposure limits set up by the regulatory agencies.  The exposure 
to DPM can be effectively reduced by attempting to control the emission at the source.  These 
attempts include the reduction of engine-out emissions through the utilization of contemporary 
diesel engine technology as well as the utilization of alternative fuels (Bugarski, 2007).  
Other controls involve gaining control over the DPM emission produced by the engine.  
A few approaches that can be used to help reduce the emission output can include maintenance 
of the equipment, administrative controls, ventilation, and after treatment technology (Mischler 
& Colinet, 2008).  Effect administrative controls can help in the reduction of emissions, such as 
minimizing idling, and implementing traffic control by routing traffic away from working areas.  
After treatment technologies such as diesel particulate filters can be placed on the exhaust system 
to filter out DPM on mining equipment (Mischler & Colinet, 2009).    
2.2. Biodiesel  
 Biodiesel is one of the renewable and environmentally safe alternative biofuels.  It is an 
organic substance which can be produced from triglycerides which are composed of three long 
chain fatty acids (Shair, Jawahar & Suresh, 2015). The most commonly used oils for the 
production of biodiesel are soybean, sunflower, canola, palm, and cotton seed (S.P Singh & 
Singh, 2009).  Biodiesel is made in a chemical process called transesterification, where the 
derived oils are mixed with alcohol and are then chemically altered to form fatty esters (S.P 
Singh & Singh, 2009).      
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Studies have shown a reduction in PM as a result of biodiesel reduction (Zhang, He, Shi 
& Zhao, 2011).  Combustion of biodiesel in engines leads to lower smoke, particulate matter 
(PM), carbon monoxide (CO) and hydro carbon (HC) emissions, but higher nitrogen oxide 
(NO2) emission, keeping engine efficiency unaffected or improved (Shair, Jawahar & Suresh, 
2015).   
 As an attempt to reduce exposure to diesel emissions and lower the risk of adverse health 
effects, biodiesel blends have been implemented as an alternative fuel.  Biodiesel blends refers to 
a ratio of biodiesel to petroleum diesel.  
  
10 
 
3. Previous Studies  
Studies have been performed and researched biodiesel PM mass and chemical 
composition, and have shown a decrease in OC/EC ratios with increasing engine load (Agarwal, 
Gupta, Shukla & Dhar, 2015).  
A previous study had evaluated and compared diesel B75 and gas/diesel exposure from 
operation of a heavy loader vehicle, in an underground metal mine.  Exposure to emissions was 
evaluated in a non-operational hard rock mine at the University of Arizona San Xaiver 
Underground Mining Laboratory.  The use of a B75 blend and natural gas/petroleum diesel blend 
was used to evaluate if the use of alternative fuels lowered the DPM exposure compared to 
diesel.  Overall mean values of B75 results found a significantly higher exposure than diesel for 
total DPM and total OC.  There was a significantly lower exposure than diesel for respirable 
DPM, total EC, and respirable OC.  There was no significant difference for respirable EC 
between the two.  For the mean exposure of natural gas/petroleum blend the study found a 
significantly lower exposure than diesel and B75 for respirable DPM, and a significantly lower 
for all other analytes (except CO) than diesel and B75 (Lutz, Reed, Lee & Burgessa, 2015).  
Another previous study had compared sampling methods to measure exposure to diesel 
particulate matter in an underground metal mine.  This research was performed at the same mine 
location, that the current research was performed.  This specific study has performed side-by-
side sampling techniques to investigate the correlation between the TSI DustTrak and integrated 
sampling when measuring diesel particulate matter in an underground metal mine.  The results of 
this study had shown a strong relationship exists between the integrated sampling method for 
DPM and the DustTrak to measure particle mass.  The regression analysis shown an R2 value of 
0.91, showing a strong correlation (Stephenson, Spear & Lutte, 2005).   
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4. Materials and Methods 
This research was conducted at an underground metal mine in the northwest United 
States.  Full shift sampling was performed to evaluate the carbon portion of DPM using a SKC 
GS-1 respirable cyclone with an SKC MSHA DPM impactor and sampling pump.  Side by side 
sampling was performed with a TSI DustTrak (Model 8520) aerosol monitor to measure particle 
concentration corresponding to PM1.0 fraction.  Both area sampling methods were performed on 
four separate four day campaigns between March and October of 2014.  
4.1. Sampling Methods for DPM 
 Integrated Sampling Methods 
Sampling for DPM requires a SKC GS-1 respirable cyclone along with a SKC DPM 
impactor equipped with a 37 mm filter and a second quarts filter as a backup with a 1-µm cut-
point.  The sampling pump is calibrated to an air flow of 1.7 liters per minute.  Pre and post 
calibration techniques was implemented to ensure quality control of the samples using a Bios 
Defender dry cal.  According to MSHA DPM sample analysis must be done according to the 
NIOSH 5040 Analytical Method. 
 DustTrak  
The DustTrak aerosol monitor measures particle concentrations corresponding to PM10, 
PM2.5, PM1.0 or respirable size fractions.  To measure the correct particle size, the DustTrak 
was set to measure at a cut-point of 1-µm.  The DustTrak provides a real-time measurement 
based on 90 degree light scattering.  A pump draws the sample aerosol through an optics 
chamber where it is measured (TSI, 2015).     
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Pre calibration was done prior to sampling.  The DustTrak monitor is calibrated with 
Arizona road dust.  Arizona road dust is used due to having a wide variety of ambient aerosols 
(TSI, 2015).      
4.2. Mine Location  
This research campaign was performed at an underground metal mine located in the 
northwestern United States.  This mine performs the extraction, processing, smelting, and 
refining of metals mined from its ore body.  Being a large mine employing approximately 1,300 
employees, and having over one hundred miles of tunnels, the lowest reaching 1,900 feet above 
sea level and the highest reaching 7,500 feet above sea level.   
Several different types of equipment that were used run on biodiesel in the mine, such as 
pickup trucks  for worker transportation and haul trucks, muckers, loaders, jumbos, and diamond 
drills for production and transportation.  The equipment runs with Cat, Cummins, Deutz, or 
Mercedes engines.  Controls have been put into place by the mine to attempt to mitigate the 
release of DPM from these engines.  One in particular is using a B70 (70% biodiesel, 30% 
petroleum diesel) blend of biodiesel.  
4.3. Sampling Locations  
Area samples were collected at six different locations throughout the mine as illustrated 
in Figure 3.  Four areas were evaluated each sample day, three being underground, and one on 
the surface (control).   Sampling days 1 and 3 are illustrated in green and days 2 and 4 are 
presented in blue.   
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Figure 3: Area Sample Locations 
 
4.4. Sampling Strategies  
The four campaigns for this study were performed in March, June, August and October of 
2014.  This was to detect any seasonal variance in the DPM levels in the mine.  The area samples 
were collected in predetermined areas as described in the previous section, based on traffic of 
production.  Each area sample was placed at the beginning of the working shift with a flow check 
performed in the middle of the shift.  Instruments were placed on a level surface approximately 
1.2 to 1.5 m (4 to 5 ft) above the mine floor, as seen in Figure 4.   After the working shift, area 
baskets were picked up to perform post calibration. Each of the area baskets contained a SKC 
GS-1 respirable cyclone with an SKC DPM impactor with a sampling pump, and a TSI DustTrak 
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(Model 8520) aerosol monitor, as well as other direct reading instruments, as seen in Figure 5. 
(DustTrak circled in red)  
 
 
  Figure 4: Placement of Sampling Equipment  
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4.5. Sample Analysis  
 Integrated Samples 
At the end of the sampling campaign, the cassettes were caped as seen in Figure 6, and 
sent the American Industrial Hygiene Association (AIHA) accredited ALS Global laboratory in 
Salt Lake City, Utah for EC and OC analysis via NIOSH 5040 method.  According to the 
NIOSH 5040 analytical method a 1.5 cm2 punch was taken from the filters and analyzed using a 
thermal optical analyzer and flame ionization detector.  For this specific study that backup filter 
was not analyzed for carbon vapor interference (NIOSH, 2003).   
Figure 5: Area Baskets with Direct Reading Instruments 
16 
 
 
 
 DustTrak Samples  
At the conclusion of each sampling day the DustTrak data was downloaded and assessed 
on a laptop using the TrakPro data analysis software.  This data was uploaded to an Excel 
spreadsheet based on location and day.   
 
 
 
 
 
 
Figure 6: Sample Filters and Cassettes 
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5. Results  
 The following results describes the samples obtained from the 4 sampling campaigns at 
the mine based on the location the samples were taken (Appendix A) (Appendix B).  Results 
from the DustTrak are provided with an overall µg/m3 measurement, set to a 1 µm cut-point.  
The integrated samples were obtained for organic, elemental, and total carbon and calculated by 
dividing the carbon levels (µg) by the air volume (m3) to achieve a concentration of µg/m3.  
Using the MiniTab 17 Statistical Software a test was ran to determine if the data was normally 
distributed.  It was found that the DustTrak data was not normally distributed.  The data was log 
transformed to approximate normality.  The OC, EC, and TC data was found to be normally 
distributed.   
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Table I: Results from Area Samples 
 
Location 
Description  
Date  Area/Basket 
DustTrak 
(µg/m3) 
Dust Trak 
(µg/m3) 
Log 
Transformed 
OC  
(µg/m^3) 
EC (µg/m^3) TC (µg/m^3) 
2000 East 300 
East 
6/11/2014 1 309 5.733341277 60 21 81 
6/13/2014 1 267 5.587248658 48 12 59 
8/16/2014 1 121 4.795790546 42 32 74 
10/3/2014 1 88 4.477336814 38 25 63 
2600 East 
1600 East  
3/7/2014 2 136 4.912654886 67 18 85 
6/13/2014 2 39 3.663561646 38 8.3 47 
10/1/2014 2 35 3.555348061 32 2.03 32 
10/3/2014 2 28 3.33220451 24 7.3 31 
2900 Shop 
3/7/2014 3 26 3.258096538 35 8.1 43.1 
3/9/2014 3 39 3.663561646 38 5.5 43.5 
6/11/2014 3 27 3.295836866 40 3.8 44 
6/13/2014 3 28 3.33220451 38 4.3 43 
8/14/2014 3 87 4.465908119 36 4.7 41 
8/16/2014 3 87 4.465908119 24 3.6 28 
10/1/2014 3 95 4.553876892 23 7.5 31 
10/3/2014 3 60 4.094344562 20 4.3 25 
4400 West 
FWL 
6/12/2014 4 60 4.094344562 34 17 51 
6/14/2014 4 123 4.812184355 74 26 97 
8/15/2014 4 100 4.605170186 44 21 66 
8/17/2014 4 88 4.477336814 44 28 72 
10/2/2014 4 99 4.59511985 53 18 71 
10/4/2014 4 121 4.795790546 58 15 72 
4100 West  
3/8/2014 5 127 4.844187086 49 34 83 
6/12/2014 5 140 4.941642423 50 17 68 
6/14/2014 5 133 4.890349128 71 24 96 
10/2/2014 5 80 4.382026635 45 32 77 
10/4/2014 5 80 4.382026635 58 32 90 
5000 Shop  
3/8/2014 6 35 3.555348061 41 6.1 47.1 
6/12/2014 6 44 3.784189634 32 6.6 39 
6/14/2014 6 9 2.197224577 37 1.96 37 
8/15/2014 6 3289 8.098338846 88 6.8 94 
8/17/2014 6 414 6.025865974 39 18 56 
10/2/2014 6 187 5.231108617 37 5.2 42 
10/4/2014 6 99 4.59511985 38 5.1 43 
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6. Statistical Analysis and Discussion  
A statistical analysis of the data collected in this study was performed using Minitab 17 
software.  Various statistics were analyzed using this software.  The results from the DustTrak 
data were found to not be normally distributed.  To account for this, the results were log 
transformed to approximate normality.  The results from the integrated samples including OC, 
EC and TC were found to be normally distributed.   
Using the Minitab software a correlation test was ran to show a relationship between 
DustTrak and the integrated samples.  Statistically the correlation coefficient (r) measures the 
strength and direction of a linear relationship between two variables on a scatterplot.  The r value 
will be between +1 and -1.  As seen in Table 2, the strength of the relationship can be interpreted 
on where at on the scale it lies. (Explorable, 2009)  
 
Table II: Correlation Strength 
Value of r Strength of relationship 
-1.0 to -0.5 or 1.0 to 0.5 Strong  
-0.5 to -0.3 or 0.5 to 0.3  Moderate 
-0.3 to -0.1 or .01 to 0.3 Weak 
-0.1 to 0.1 None or Very Weak  
 
6.1. Analysis of DustTrak vs. Organic Carbon   
A correlation test was run to compare the mean DustTrak values for all campaigns to the 
organic carbon concentrations for all campaigns (Appendix C).  This analysis showed a 
correlation coefficient (cc) of 0.615 with a p-value of 0.000, which is less than the alpha value of 
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0.05.  A regression fitted line plot was also to determine the regression equation (Figure 7).  The 
results of the regression analysis found an R2 value of 0.359.  The results of these test reject the 
null hypothesis H01 in favor of the alternative hypothesis Ha1, indicating that there is a strong 
correlation between the integrated sampling results for OC vs. DustTrak direct reading particle 
mass concentrations.   
 
Figure 7: Fitted Line Plot DustTrak vs. Organic Carbon Concentrations 
 
 
6.2. Analysis of DustTrak vs. Elemental Carbon  
A correlation test was run to compare the mean DustTrak values for all campaigns to the 
elemental carbon concentrations for all campaigns (Appendix C).  This analysis showed a 
correlation coefficient (cc) of 0.304 with a p-value of 0.080, which is greater than the alpha value 
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of 0.05.  The results have shown that there is no significance in the correlation between the 
DustTrak data and the integrated elemental carbon concentrations.  A regression fitted line plot 
was run to determine the regression equation (Figure 8).  The results of the regression analysis 
found an R2 value of 0.064.  The results of these tests accept the null hypothesis H02, indicating 
that there is not a correlation between the integrated sampling results for EC vs. DustTrak direct 
reading particle mass concentrations.   
 
Figure 8:Fitted Line Plot DustTrak vs. Elemental Carbon Concentrations 
 
6.3. Analysis of DustTrak vs. Total Carbon  
A correlation test was run to compare the mean DustTrak values for all campaigns to the 
total carbon concentrations for all campaigns (Appendix C).  This analysis showed a correlation 
coefficient (cc) of 0.573 with a p-value of 0.000, which is less than the alpha value of 0.05.  A 
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regression fitted line plot was run to determine the regression equation (Figure 9).  The results of 
the regression analysis found an R2 value of 0.308.  The results of these tests reject the null 
hypothesis H03 in favor of the alternative hypothesis Ha3, indicating that there is a strong 
correlation between the integrated sampling results for TC vs. DustTrak direct reading particle 
mass concentrations.   
 
Figure 9: Fitted Line Plot DustTrak vs. Total Carbon Concentrations 
 
6.4. Analysis of DustTrak vs Organic, Elemental & Total Based on 
Location  
A statistical analysis was performed to investigate the correlation between the integrated 
sampling results for OC, EC and TC concentrations vs. DustTrak direct reading instruments 
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based on a specific location (Appendix D).  A correlation test was performed on all locations.  
The results were found to have 3 locations that shown a strong correlation as seen in Table 3.   
 
Table III:  Evaluation of DustTrak vs OC,EC & TC Based on Location 
Location 
Description 
Diesel Particulate Carbon 
Type 
Correlation 
Coefficient 
P-Value 
2000 East 300 East 
OC 0.928 0.072 
EC -0.701 0.299 
TC 0.281 0.719 
2600 East 1600 
East* 
OC 0.975 0.025 
EC 0.907 0.093 
TC 0.974 0.026 
2900 Shop 
OC -0.664 0.073 
EC -0.015 0.972 
TC -0.663 0.073 
4400 West FWL* 
OC 0.89 0.018 
EC 0.11 0.835 
TC 0.818 0.047 
4100 West 
OC 0.271 0.66 
EC -0.659 0.226 
TC -0.138 0.824 
5000 Shop* 
OC 0.987 0 
EC 0.078 0.869 
TC 0.973 0 
* Indicates the locations that have strong correlation  
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 Results of this analysis found three locations that shown a strong correlation between the 
integrated OC and TC concentrations vs. DustTrak direct reading mass concentrations, 
supporting the suggestions that there is a strong correlation for the overall data between the 
integrated OC and TC vs. DustTrak direct reading mass concentrations.   
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7. Limitations and Future Work  
One limitation of this study is the small sample size.  Due to the overall data set needing 
to be compared if there was one variable missing, this eliminated every data point for that 
specific set.   
A future study that had a larger sample set as well as determining the evaluation of OC 
particle mass concentrations where production and ventilation rates are quantified.  This would 
potentially allow an adjustment for the amount of diesel exhaust that was produced during this 
study.   
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8. Conclusion   
 Diesel exhaust has shown to cause adverse health effects in humans.  Evidence has 
shown that DE increases the risk of lung cancer the International Agency for Research on Cancer 
(IARC) has classified diesel exhaust as a group 1 human carcinogen.  Due to this awareness 
there has been stringent occupational exposure set in place to help reduce worker exposure.  
There have been many control measures that have been set in place to aid in the reduction of 
DPM exposure.  Biodiesel has shown to be a promising control option for equipment.  The 
measurements of exposure can be performed via integrated sampling methods, or direct reading 
monitors.  
 The results from this study show that there is a strong correlation between integrated 
organic carbon concentrations vs. DustTrak direct reading mass concentrations.  There was also 
a strong correlation between integrated total carbon concentrations vs. DustTrak direct reading 
mass concentrations.  This studies correlation results suggest that the DustTrak monitor can be 
used to provide an estimate OC and TC concentrations.   
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Appendix A: Raw Results Integrated  
DPM Integrated Area Sample Results (by Area) Campaign 1  
Area ID 
Location 
Description 
Date 
Air 
Volume 
(m3) 
OC 
(µg) 
EC 
(µg) 
TC 
(µg) 
OC 
(µg/m³) 
EC 
(µg/m³) 
TC 
(µg/m³) 
Area 1 
2000 East 
300 East 
3/7/2014 0.612 35 24 59 58 39 97 
3/7/2014 0.815 86 55 141 110 67 177 
3/9/2014 0.723 33 20 53 45 28 73 
3/9/2014 0.782 37 20 57 47 26 73 
Area 1 
4400 West 
FWL 
3/8/2014 0.805 24 6.4 30.4 30 8 38 
3/8/2014 0.786 29 10 39 37 13 50 
3/10/2014 0.638 25 14 39 39 23 62 
3/10/2014 0.667 32 22 54 47 33 80 
Area 2  
2600 East 
1600 East 
3/7/2014 0.606 41 11 52 67 18 85 
3/9/2014 0.729 26 9.5 35.5 35 13 48 
Area 2 
4100 West 
138 West 
3/8/2014 0.779 38 27 65 49 34 83 
3/10/2014 0.616 29 16 45 47 26 73 
Area 3 2900 Shop 
3/7/2014 0.619 22 5 27 35 8.1 43.1 
3/9/2014 0.72 27 3.9 30.9 38 5.5 43.5 
Area 3 5000 Shop 
3/8/2014 0.72 30 4.4 34.4 41 6.1 47.1 
3/10/2014 0.585 29 10 39 50 17 67 
Area 4 
Surface 
Conference 
Room  
3/7/2014 0.753 21 < 21 28 < 28 
3/8/2014 0.871 23 < 23 26 < 26 
3/9/2014 0.877 21 < 21 24 < 24 
3/10/2014 0.766 20 < 20 26 < 26 
(<) indicates that sample concentration was less than the reportable limit (RL); 
Organic Carbon RL = 4.9 µg/sample; Elemental Carbon RL =  1.7 µg/sample 
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DPM Integrated Area Sample Results (by Area) Campaign 2 
Area ID 
Location 
Description 
Date 
Air 
Volume 
(m3) 
OC 
(µg) 
EC 
(µg) 
TC 
(µg) 
OC 
(µg/m³) 
EC 
(µg/m³) 
TC 
(µg/m³) 
Area 1 
2000 East 
300 East 
6/11/2014 0.594 35 12 47 60 21 81 
6/12/2014 0.758 25 13 39 34 17 51 
6/13/2014 0.600 29 7.1 36 48 12 59 
6/14/2014 0.620 49 15 64 74 23 97 
Area 2  
2600 East 
1600 East 
6/11/2014 0.316 25 7.7 33 170 50 220 
6/12/2014 0.542 27 9.4 37 50 17 68 
6/13/2014 0.600 22 4.8 27 38 8.3 47 
6/14/2014 0.595 38 14 52 71 25 96 
Area 3 2900 Shop 
6/11/2014 0.571 23 2.2 25 40 3.8 44 
6/12/2014 0.671 22 4.4 26 32 6.6 39 
6/13/2014 0.635 24 2.7 27 38 4.3 43 
6/14/2014 0.665 22 <1.7 22 37 <2.8 37 
Area 4 
Surface 
Conference 
Room  
6/11/2014 0.795 21 <1.7 21 26 <2.1 26 
6/12/2014 1.120 24 <1.7 24 21 <1.5 21 
6/13/2014 0.916 20 <1.7 20 22 <1.9 22 
6/14/2014 0.875 24 <1.7 24 27 <1.9 27 
Area 4 
Surface 
Conference 
Room  
6/11/2014 0.790 23 <1.7 23 30 <2.2 30 
6/12/2014 1.273 24 <1.7 24 21 <1.5 21 
6/13/2014 0.887 20 <1.7 20 23 <1.9 23 
6/14/2014 0.871 23 <1.7 23 26 <2 26 
(<) indicates that sample concentration was less than the reportable limit (RL); 
Organic Carbon RL = 4.9 µg/sample; Elemental Carbon RL =  1.7 µg/sample 
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DPM Integrated Area Sample Results (by Area) Campaign 3  
Area ID 
Location 
Description 
Date 
Air 
Volume 
(m3) 
OC 
(µg) 
EC 
(µg) 
TC 
(µg) 
OC 
(µg/m³) 
EC 
(µg/m³) 
TC 
(µg/m³) 
Area 1 
 
 
 
2000 East 
300 East 
8/14/2014 0.434 20 6.8 26 45 16 61 
8/15/2014 0.638 28 14 42 44 21 66 
8/16/2014 0.524 22 17 39 42 32 74 
8/17/2014 0.604 27 17 44 44 28 72 
Area 2 
 
 
 
2600 East 
1600 East 
8/14/2014 0.503 17 2.7 20 35 5.4 40 
8/15/2014 0.619 30 12 42 48 19 67 
8/16/2014 0.561 17 3.1 20 30 5.4 36 
8/17/2014 0.494 21 17 38 43 34 77 
Area 3 
 
 
 
2900 Shop 
8/14/2014 0.586 21 2.7 24 36 4.7 41 
8/15/2014 0.655 57 4.4 62 88 6.8 94 
8/16/2014 15.000 2.2 17 24 3.6 28   
8/17/2014 0.638 25 11 36 39 17 56 
Area 4 
 
 
 
Surface 
Conference 
Room 
8/14/2014 0.800 15 <1.7 15 18 <2.1 18 
8/15/2014 0.902 16 <1.7 16 17 <1.9 17 
8/16/2014 0.898 20 <1.7 20 22 <1.9 22 
8/17/2014 0.729 14 1.9 15 19 2.6 21 
Area 4 
 
 
 
Surface 
Conference 
Room 
 
 
 
8/14/2014 0.444 21 6.8 28 47 15 62 
8/15/2014 0.611 26 15 41 43 24 67 
8/16/2014 0.527 30 22 53 58 43 100 
8/17/2014 0.937 26 10 36 28 11 39 
 
(<) indicates that sample concentration was less than the reportable limit (RL); 
Organic Carbon RL = 4.9 µg/sample; Elemental Carbon RL =  1.7 µg/sample 
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DPM Integrated Area Sample Results (by Area) Campaign 4 
Area ID 
Location 
Description 
Date 
Air 
Volume 
(m3) 
OC 
(µg) 
EC 
(µg) 
TC 
(µg) 
OC 
(µg/m³) 
EC 
(µg/m³) 
TC 
(µg/m³) 
Area 1 
2000 East 
300 East 
10/1/2014               
10/2/2014 0.678 39 12 48 53 18 71 
10/3/2014 0.643 24 16 40 38 25 63 
10/4/2014 0.635 37 9.3 46 58 15 72 
Area 1 
2000 East 
300 East 
10/1/2014 0.564 27 13 39 47 23 70 
10/2/2014 0.676 39 10 49 57 15 72 
10/3/2014 0.653 9.1 1.7 11 14 2.6 16 
10/4/2014 0.641 35 18 53 55 28 83 
Area 2 
2600 East 
1600 East 
10/1/2014 0.585 18 < 1.7 18 32 < 2.9 32 
10/2/2014 0.693 31 22 53 45 32 77 
10/3/2014 0.650 15 4.7 20 24 7.3 31 
10/4/2014 0.501 29 16 45 58 32 90 
Area 3 2900 Shop 
10/1/2014 0.635 15 4.7 20 23 7.5 31 
10/2/2014 0.659 24 3.5 28 37 5.2 42 
10/3/2014 0.708 14 3.1 18 20 4.3 25 
10/4/2014 0.673 26 3.5 29 38 5.1 43 
Area 4 
Surface 
Conference 
Room  
10/1/2014 0.737 15 < 1.7 15 20 < 2.3 20 
10/2/2014 0.798 14 < 1.7 14 18 < 2.1 18 
10/3/2014 0.814 14 < 1.7 14 18 < 2.1 18 
10/4/2014 0.781 13 < 1.7 13 17 < 2.2 17 
 
(<) indicates that sample concentration was less than the reportable limit (RL); 
Organic Carbon RL = 4.9 µg/sample; Elemental Carbon RL =  1.7 µg/sample 
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Appendix B: Raw Results DustTrak  
DustTrak Data (Example) for 5000 Shop Location Campaign 3 Day 2 
  
TrakPro Version 4.61 ASCII Data File    
    
Model: Dust Trak   
Model Number: 8520   
Serial Number: 85200683   
Test ID: 1   
Test Abbreviation:    
Start Date: 8/15/2014   
Start Time: 8:59:46   
Duration (dd:hh:mm:ss): 0:06:29:50   
Time constant (seconds): 10   
Log Interval (mm:ss): 0:10   
Number of points: 2339   
Notes:    
    
Statistics 
Channel: Aerosol  
Units: mg/m^3 ug/m^3 
Average: 3.289 3289  
Minimum: 0.065  
Time of Minimum: 14:27:36  
Date of Minimum: 8/15/2014  
Maximum: 52.564  
Time of Maximum: 11:23:36  
Date of Maximum: 8/15/2014  
   
Calibration Sensor: Aerosol  
 Cal. date 3/25/2014  
    
Date Time Aerosol  
MM/dd/yyyy hh:mm:ss mg/m^3 LN 
8/15/2014 8:59:56 2.229 0.801553054 
8/15/2014 9:00:06 2 0.693147181 
8/15/2014 9:00:16 1.685 0.521765564 
8/15/2014 9:00:26 1.099 0.094400675 
8/15/2014 9:00:36 0.843 0.170788321 
8/15/2014 9:00:46 1.29 0.254642218 
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Appendix C: Correlation/Regression Fit Line Plot for OC, EC&TC  
  
 
Results for Final Data 
  
Correlation: DustTrak (µg/m^3), OC  (µg/m^3)  
 
Pearson correlation of DustTrak (µg/m^3)and OC  (µg/m^3) = 0.615 
P-Value = 0.000 
 
  
Correlation: DustTrak (µg/m^3), EC (µg/m^3)  
 
Pearson correlation of DustTrak (µg/m^3)and EC (µg/m^3) = 0.304 
P-Value = 0.080 
 
  
Correlation: DustTrak (µg/m^3), TC (µg/m^3)  
 
Pearson correlation of DustTrak (µg/m^3)and TC (µg/m^3) = 0.573 
P-Value = 0.000 
 
 
 
  
Regression Analysis: DustTrak (µg/m^3) versus OC  (µg/m^3)  
 
The regression equation is 
DustTrak (µg/m^3) = 2.632 + 0.04147 OC  (µg/m^3) 
 
 
S = 0.818264   R-Sq = 37.8%   R-Sq(adj) = 35.9% 
 
 
Analysis of Variance 
 
Source      DF       SS       MS      F      P 
Regression   1  13.0416  13.0416  19.48  0.000 
Error       32  21.4258   0.6696 
Total       33  34.4674 
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Regression Analysis: DustTrak (µg/m^3) versus EC (µg/m^3)  
 
The regression equation is 
DustTrak (µg/m^3)= 4.024 + 0.03048 EC (µg/m^3) 
 
 
S = 0.988717   R-Sq = 9.2%   R-Sq(adj) = 6.4% 
 
 
Analysis of Variance 
 
Source      DF       SS       MS     F      P 
Regression   1   3.1854  3.18539  3.26  0.080 
Error       32  31.2820  0.97756 
Total       33  34.4674 
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Regression Analysis: DustTrak (µg/m^3) versus TC (µg/m^3)  
 
The regression equation is 
DustTrak (µg/m^3)= 2.882 + 0.02714 TC (µg/m^3) 
 
 
S = 0.850309   R-Sq = 32.9%   R-Sq(adj) = 30.8% 
 
 
Analysis of Variance 
 
Source      DF       SS       MS      F      P 
Regression   1  11.3306  11.3306  15.67  0.000 
Error       32  23.1368   0.7230 
Total       33  34.4674 
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Appendix D: Correlation/Regression Fit Line Plot for OC,EC&TC 
Based on Location  
Results for Location Description  
 
Results for: 2000 East 300 East 
  
Correlation: DustTrak (µg/m^3), OC  (µg/m^3)  
 
Pearson correlation of DustTrak (µg/m^3) and OC  (µg/m^3) = 0.928 
P-Value = 0.072 
 
  
Correlation: DustTrak (µg/m^3), EC (µg/m^3)  
 
Pearson correlation of DustTrak (µg/m^3) and EC (µg/m^3) = -0.701 
P-Value = 0.299 
 
  
Correlation: DustTrak (µg/m^3), TC (µg/m^3)  
 
Pearson correlation of DustTrak (µg/m^3) and TC (µg/m^3) = 0.281 
P-Value = 0.719 
 
 
  
Regression Analysis: DustTrak (µg/m^3) versus OC  (µg/m^3)  
 
The regression equation is 
DustTrak (µg/m^3) = - 295.4 + 10.46 OC  (µg/m^3) 
 
 
S = 49.4990   R-Sq = 86.0%   R-Sq(adj) = 79.1% 
 
 
Analysis of Variance 
 
Source      DF       SS       MS      F      P 
Regression   1  30198.4  30198.4  12.33  0.072 
Error        2   4900.3   2450.2 
Total        3  35098.7 
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Regression Analysis: DustTrak (µg/m^3) versus EC (µg/m^3)  
 
The regression equation is 
DustTrak (µg/m^3) = 400.5 - 9.079 EC (µg/m^3) 
 
 
S = 94.5290   R-Sq = 49.1%   R-Sq(adj) = 23.6% 
 
 
Analysis of Variance 
 
Source      DF       SS       MS     F      P 
Regression   1  17227.3  17227.3  1.93  0.299 
Error        2  17871.4   8935.7 
Total        3  35098.7 
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Regression Analysis: DustTrak (µg/m^3) versus TC (µg/m^3)  
 
The regression equation is 
DustTrak (µg/m^3) = - 12.5 + 3.015 TC (µg/m^3) 
 
 
S = 127.140   R-Sq = 7.9%   R-Sq(adj) = 0.0% 
 
 
Analysis of Variance 
 
Source      DF       SS       MS     F      P 
Regression   1   2769.8   2769.8  0.17  0.719 
Error        2  32328.9  16164.5 
Total        3  35098.7 
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Descriptive Statistics: DustTrak (µg/m^3), OC  (µg/m^3), EC (µg/m^3), TC 
(µg/m^3)  
 
Variable           N  N*   Mean  SE Mean  StDev  Minimum     Q1  Median     Q3  
Maximum 
DustTrak (µg/m^3)  4   0  196.3     54.1  108.2     88.0   96.3   194.0  298.5    
309.0 
OC  (µg/m^3)       4   0  47.00     4.80   9.59    38.00  39.00   45.00  57.00    
60.00 
EC (µg/m^3)        4   0  22.50     4.17   8.35    12.00  14.25   23.00  30.25    
32.00 
TC (µg/m^3)        4   0  69.25     5.04  10.08    59.00  60.00   68.50  79.25    
81.00 
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Results for: 2600 East 1600 East  
  
Correlation: DustTrak (µg/m^3), OC  (µg/m^3)  
 
Pearson correlation of DustTrak (µg/m^3) and OC  (µg/m^3) = 0.975 
P-Value = 0.025 
 
  
Correlation: DustTrak (µg/m^3), EC (µg/m^3)  
 
Pearson correlation of DustTrak (µg/m^3) and EC (µg/m^3) = 0.907 
P-Value = 0.093 
 
  
Correlation: DustTrak (µg/m^3), TC (µg/m^3)  
 
Pearson correlation of DustTrak (µg/m^3) and TC (µg/m^3) = 0.974 
P-Value = 0.026 
 
  
Regression Analysis: DustTrak (µg/m^3) versus OC  (µg/m^3)  
 
The regression equation is 
DustTrak (µg/m^3) = - 47.80 + 2.666 OC  (µg/m^3) 
 
 
S = 13.8424   R-Sq = 95.1%   R-Sq(adj) = 92.7% 
 
 
Analysis of Variance 
 
Source      DF       SS       MS      F      P 
Regression   1  7481.78  7481.78  39.05  0.025 
Error        2   383.22   191.61 
Total        3  7865.00 
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Regression Analysis: DustTrak (µg/m^3) versus EC (µg/m^3)  
 
The regression equation is 
DustTrak (µg/m^3) = - 2.63 + 6.975 EC (µg/m^3) 
 
 
S = 26.4387   R-Sq = 82.2%   R-Sq(adj) = 73.3% 
 
 
Analysis of Variance 
 
Source      DF       SS       MS     F      P 
Regression   1  6466.99  6466.99  9.25  0.093 
Error        2  1398.01   699.01 
Total        3  7865.00 
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Regression Analysis: DustTrak (µg/m^3) versus TC (µg/m^3)  
 
The regression equation is 
DustTrak (µg/m^3) = - 36.80 + 1.975 TC (µg/m^3) 
 
 
S = 14.1571   R-Sq = 94.9%   R-Sq(adj) = 92.4% 
 
 
Analysis of Variance 
 
Source      DF       SS       MS      F      P 
Regression   1  7464.15  7464.15  37.24  0.026 
Error        2   400.85   200.42 
Total        3  7865.00 
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Descriptive Statistics: DustTrak (µg/m^3), OC  (µg/m^3), EC (µg/m^3), TC 
(µg/m^3)  
 
Variable           N  N*   Mean  SE Mean  StDev  Minimum     Q1  Median     Q3  
Maximum 
DustTrak (µg/m^3)  4   0   59.5     25.6   51.2     28.0   29.8    37.0  111.8    
136.0 
OC  (µg/m^3)       4   0  40.25     9.37  18.73    24.00  26.00   35.00  59.75    
67.00 
EC (µg/m^3)        4   0   8.91     3.33   6.66     2.03   3.35    7.80  15.57    
18.00 
TC (µg/m^3)        4   0   48.8     12.6   25.3     31.0   31.3    39.5   75.5     
85.0 
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Results for: 2900 Shop  
  
Correlation: DustTrak (µg/m^3), OC  (µg/m^3)  
 
Pearson correlation of DustTrak (µg/m^3) and OC  (µg/m^3) = -0.664 
P-Value = 0.073 
 
  
Correlation: DustTrak (µg/m^3), EC (µg/m^3)  
 
Pearson correlation of DustTrak (µg/m^3) and EC (µg/m^3) = -0.015 
P-Value = 0.972 
 
  
Correlation: DustTrak (µg/m^3), TC (µg/m^3)  
 
Pearson correlation of DustTrak (µg/m^3) and TC (µg/m^3) = -0.663 
P-Value = 0.073 
 
  
Regression Analysis: DustTrak (µg/m^3) versus OC  (µg/m^3)  
 
The regression equation is 
DustTrak (µg/m^3) = 134.9 - 2.480 OC  (µg/m^3) 
 
 
S = 24.1810   R-Sq = 44.1%   R-Sq(adj) = 34.8% 
 
 
Analysis of Variance 
 
Source      DF       SS       MS     F      P 
Regression   1  2764.56  2764.56  4.73  0.073 
Error        6  3508.32   584.72 
Total        7  6272.88 
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Regression Analysis: DustTrak (µg/m^3) versus EC (µg/m^3)  
 
The regression equation is 
DustTrak (µg/m^3) = 57.50 - 0.264 EC (µg/m^3) 
 
 
S = 32.3302   R-Sq = 0.0%   R-Sq(adj) = 0.0% 
 
 
Analysis of Variance 
 
Source      DF       SS       MS     F      P 
Regression   1     1.41     1.41  0.00  0.972 
Error        6  6271.47  1045.24 
Total        7  6272.87 
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Regression Analysis: DustTrak (µg/m^3) versus TC (µg/m^3)  
 
The regression equation is 
DustTrak (µg/m^3) = 149.5 - 2.501 TC (µg/m^3) 
 
 
S = 24.2129   R-Sq = 43.9%   R-Sq(adj) = 34.6% 
 
 
Analysis of Variance 
 
Source      DF       SS       MS     F      P 
Regression   1  2755.28  2755.28  4.70  0.073 
Error        6  3517.59   586.27 
Total        7  6272.87 
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Descriptive Statistics: DustTrak (µg/m^3), OC  (µg/m^3), EC (µg/m^3), TC 
(µg/m^3)  
 
Variable           N  N*   Mean  SE Mean  StDev  Minimum     Q1  Median     Q3  
Maximum 
DustTrak (µg/m^3)  8   0   56.1     10.6   29.9     26.0   27.3    49.5   87.0     
95.0 
OC  (µg/m^3)       8   0  31.75     2.83   8.01    20.00  23.25   35.50  38.00    
40.00 
EC (µg/m^3)        8   0  5.225    0.600  1.698    3.600  3.925   4.500  7.000    
8.100 
TC (µg/m^3)        8   0  37.33     2.81   7.93    25.00  28.75   42.00  43.40    
44.00 
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Results for: 4400 West FWL  
  
Correlation: DustTrak (µg/m^3), OC  (µg/m^3)  
 
Pearson correlation of DustTrak (µg/m^3) and OC  (µg/m^3) = 0.890 
P-Value = 0.018 
 
  
Correlation: DustTrak (µg/m^3), EC (µg/m^3)  
 
Pearson correlation of DustTrak (µg/m^3) and EC (µg/m^3) = 0.110 
P-Value = 0.835 
 
  
Correlation: DustTrak (µg/m^3), TC (µg/m^3)  
 
Pearson correlation of DustTrak (µg/m^3) and TC (µg/m^3) = 0.818 
P-Value = 0.047 
 
  
Regression Analysis: DustTrak (µg/m^3) versus OC  (µg/m^3)  
 
The regression equation is 
DustTrak (µg/m^3) = 22.48 + 1.486 OC  (µg/m^3) 
 
 
S = 11.8604   R-Sq = 79.2%   R-Sq(adj) = 74.0% 
 
 
Analysis of Variance 
 
Source      DF       SS       MS      F      P 
Regression   1  2138.82  2138.82  15.20  0.018 
Error        4   562.68   140.67 
Total        5  2701.50 
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Regression Analysis: DustTrak (µg/m^3) versus EC (µg/m^3)  
 
The regression equation is 
DustTrak (µg/m^3) = 88.22 + 0.493 EC (µg/m^3) 
 
 
S = 25.8297   R-Sq = 1.2%   R-Sq(adj) = 0.0% 
 
 
Analysis of Variance 
 
Source      DF       SS       MS     F      P 
Regression   1    32.80   32.798  0.05  0.835 
Error        4  2668.70  667.176 
Total        5  2701.50 
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Regression Analysis: DustTrak (µg/m^3) versus TC (µg/m^3)  
 
The regression equation is 
DustTrak (µg/m^3) = 6.88 + 1.281 TC (µg/m^3) 
 
 
S = 14.9395   R-Sq = 67.0%   R-Sq(adj) = 58.7% 
 
 
Analysis of Variance 
 
Source      DF       SS       MS     F      P 
Regression   1  1808.74  1808.74  8.10  0.047 
Error        4   892.76   223.19 
Total        5  2701.50 
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Descriptive Statistics: DustTrak (µg/m^3), OC  (µg/m^3), EC (µg/m^3), TC 
(µg/m^3)  
 
Variable           N  N*   Mean  SE Mean  StDev  Minimum     Q1  Median      Q3  
Maximum 
DustTrak (µg/m^3)  6   0  98.50     9.49  23.24    60.00  81.00   99.50  121.50   
123.00 
OC  (µg/m^3)       6   0  51.17     5.68  13.92    34.00  41.50   48.50   62.00    
74.00 
EC (µg/m^3)        6   0  20.83     2.12   5.19    15.00  16.50   19.50   26.50    
28.00 
TC (µg/m^3)        6   0  71.50     6.06  14.84    51.00  62.25   71.50   78.25    
97.00 
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Results for: 4100 West  
  
Correlation: DustTrak (µg/m^3), OC  (µg/m^3)  
 
Pearson correlation of DustTrak (µg/m^3) and OC  (µg/m^3) = 0.271 
P-Value = 0.660 
 
  
Correlation: DustTrak (µg/m^3), EC (µg/m^3)  
 
Pearson correlation of DustTrak (µg/m^3) and EC (µg/m^3) = -0.659 
P-Value = 0.226 
 
  
Correlation: DustTrak (µg/m^3), TC (µg/m^3)  
 
Pearson correlation of DustTrak (µg/m^3) and TC (µg/m^3) = -0.138 
P-Value = 0.824 
 
  
Regression Analysis: DustTrak (µg/m^3) versus OC  (µg/m^3)  
 
The regression equation is 
DustTrak (µg/m^3) = 69.62 + 0.776 OC  (µg/m^3) 
 
 
S = 32.8729   R-Sq = 7.3%   R-Sq(adj) = 0.0% 
 
 
Analysis of Variance 
 
Source      DF       SS       MS     F      P 
Regression   1   256.11   256.11  0.24  0.660 
Error        3  3241.89  1080.63 
Total        4  3498.00 
 
  
 
56 
 
 
 
Regression Analysis: DustTrak (µg/m^3) versus EC (µg/m^3)  
 
The regression equation is 
DustTrak (µg/m^3) = 187.7 - 2.725 EC (µg/m^3) 
 
 
S = 25.6753   R-Sq = 43.5%   R-Sq(adj) = 24.6% 
 
 
Analysis of Variance 
 
Source      DF       SS       MS     F      P 
Regression   1  1520.33  1520.33  2.31  0.226 
Error        3  1977.67   659.22 
Total        4  3498.00 
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Regression Analysis: DustTrak (µg/m^3) versus TC (µg/m^3)  
 
The regression equation is 
DustTrak (µg/m^3) = 143.0 - 0.374 TC (µg/m^3) 
 
 
S = 33.8185   R-Sq = 1.9%   R-Sq(adj) = 0.0% 
 
 
Analysis of Variance 
 
Source      DF       SS       MS     F      P 
Regression   1    66.92    66.92  0.06  0.824 
Error        3  3431.08  1143.69 
Total        4  3498.00 
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Descriptive Statistics: DustTrak (µg/m^3), OC  (µg/m^3), EC (µg/m^3), TC 
(µg/m^3)  
 
Variable           N  N*   Mean  SE Mean  StDev  Minimum     Q1  Median     Q3  
Maximum 
DustTrak (µg/m^3)  5   0  112.0     13.2   29.6     80.0   80.0   127.0  136.5    
140.0 
OC  (µg/m^3)       5   0  54.60     4.61  10.31    45.00  47.00   50.00  64.50    
71.00 
EC (µg/m^3)        5   0  27.80     3.20   7.16    17.00  20.50   32.00  33.00    
34.00 
TC (µg/m^3)        5   0  82.80     4.89  10.94    68.00  72.50   83.00  93.00    
96.00 
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Results for: 5000 Shop  
  
Correlation: DustTrak (µg/m^3), OC  (µg/m^3)  
 
Pearson correlation of DustTrak (µg/m^3) and OC  (µg/m^3) = 0.987 
P-Value = 0.000 
 
  
Correlation: DustTrak (µg/m^3), EC (µg/m^3)  
 
Pearson correlation of DustTrak (µg/m^3) and EC (µg/m^3) = 0.078 
P-Value = 0.869 
 
  
Correlation: DustTrak (µg/m^3), TC (µg/m^3)  
 
Pearson correlation of DustTrak (µg/m^3) and TC (µg/m^3) = 0.973 
P-Value = 0.000 
 
  
Regression Analysis: DustTrak (µg/m^3) versus OC  (µg/m^3)  
 
The regression equation is 
DustTrak (µg/m^3) = - 2151 + 61.32 OC  (µg/m^3) 
 
 
S = 208.291   R-Sq = 97.5%   R-Sq(adj) = 97.0% 
 
 
Analysis of Variance 
 
Source      DF       SS       MS       F      P 
Regression   1  8445442  8445442  194.66  0.000 
Error        5   216925    43385 
Total        6  8662368 
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Regression Analysis: DustTrak (µg/m^3) versus EC (µg/m^3)  
 
The regression equation is 
DustTrak (µg/m^3) = 451.7 + 18.4 EC (µg/m^3) 
 
 
S = 1312.27   R-Sq = 0.6%   R-Sq(adj) = 0.0% 
 
 
Analysis of Variance 
 
Source      DF       SS       MS     F      P 
Regression   1    52107    52107  0.03  0.869 
Error        5  8610261  1722052 
Total        6  8662368 
 
  
 
90807060504030
3500
3000
2500
2000
1500
1000
500
0
S 208.291
R-Sq 97.5%
R-Sq(adj) 97.0%
OC  (µg/m^3)
D
u
st
T
ra
k
 (
µ
g
/m
^
3
)
5000 Shop 
DustTrak (µg/m^3) = - 2151 + 61.32 OC  (µg/m^3)
61 
 
 
 
Regression Analysis: DustTrak (µg/m^3) versus TC (µg/m^3)  
 
The regression equation is 
DustTrak (µg/m^3) = - 2426 + 58.80 TC (µg/m^3) 
 
 
S = 301.522   R-Sq = 94.8%   R-Sq(adj) = 93.7% 
 
 
Analysis of Variance 
 
Source      DF       SS       MS      F      P 
Regression   1  8207790  8207790  90.28  0.000 
Error        5   454577    90915 
Total        6  8662368 
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Fitted Line: DustTrak (µg/m^3) versus TC (µg/m^3)  
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